Abstract The purpose of this study was to develop a protocol to induce high frequency of callus and subsequent plantlet regeneration for Pseudarthria viscida; an important medicinal plant. The cotyledonary node and young leaf pieces (1× 0.5 cm, length × breadth) were used as explants for callus induction and subsequent shoot regeneration and adventitious roots induction from the shoots. The best results were achieved on the following media: (1) 96 % callus induction from cotyledonary node explants on MS medium supplemented with 1.5 mgl −1 2, 4 dichlorophenoxyacetic acid ) after 45 days. The plantlets were transferred to the field after acclimatization. Of the 40 plantlets transplanted to the soil, 29 survived (72.5 %).
Introduction
Pseudarthria viscida is a valuable ethomedicinal plant of Papilionaceae. It is a perennial shrub with slender branches, trifoliate leaves and is one among the "Dasamoola" (10 roots) of Ayurveda, mentioned in most of the ancient scriptures. It is a major component in many Ayurvedic preparations like Dasamoolarishta, Agastya haritaki rasayana, Anu thaila, Brahma rasayana, Sudarshana churna, Narayana thaila and Dhanuanthara ghrita (Ansari and Jeeja 2006; Warrier et al. 1996) .
The whole plant is used to treat a vast range of diseases; fever, rheumatism, bronchial asthma, hemorrhoids (Nadkarni 1982; Warrier et al. 1996) and diabetes mellitus (Shaw et al. 2004; Masirkar et al. 2008; Rajendran et al. 2010) . As it effectively arrests bleeding and alleviates edema, it is a valuable panacea for heart diseases and blood disorders (Rajendran et al. 2007 ). Other properties like antihypertensive (Klaus et al. 1995) , antioxidant (Mathew and Sasikumar 2007; Vijayabaskaran et al. 2010a) , antiulcer (Babu et al. 2008) , antifungal (Deepa et al. 2004) , antidiarrheal (Rajendran et al. 2007; Vijayabaskaran et al. 2010b) and antitumor (Vijayabaskaran et al. 2007; Rajendran et al. 2010) have also been reported from P. viscida.
Since P. viscida has high commercial and medicinal values, it has been included in the group of high trade sourced medicinal plants from Western Ghats (Ved and Goraya 2007) and is also incorporated in the 100-Red listed medical plants of conservation concern (Ravikumar and Ved 2000) . The excessive collection has resulted in gradual disappearance of this plant from its natural habitat and at present its number is highly reduced in the wild.
Despite its vast economic and pharmaceutical potential, this taxon has not been cultivated for commercial purposes due to low seed viability, germination rate and high mortality of seedlings in young stages (Oommen et al. 2000) . To conserve the genetic stocks of this plant in vitro method of propagation can be utilized successfully. There is only a single report on in vitro studies of P. viscida (Vinothkumar et al. 2009 ), but it is of preliminary nature. The present work was carried out with the objective of inducing calli from cotyledonary node and immature leaf explants of P. viscida, shoot regeneration, rooting of shoots and transfer of plantlets to natural habitat.
Materials and methods

Plant material and culture initiation
The mature seeds of P. viscida were colleted from the plants maintained in the green house of the botanical garden. Because of hard seed coat, the healthy seeds were immersed in 50 % sulphuric acid for 20 min. The seeds were washed thoroughly with distilled water and then soaked in distilled water for 12 h. The soaked seeds alone were selected for further experiments and washed with Teepol solution for 5 min and Bavistin 1 % for 10 min and then rinsed seeds in distilled water. The seeds were again surface sterilized with 20 % v/v sodium hypochlorite (NaOCl) for 5 min followed by 3 rinses in distilled water. The seed coat was removed just before inoculation in sterilized culture tubes containing MS basal medium (Murashige and Skoog 1962) .
Callus initiation
The cotyledonary node (1.0-1.5 cm) was excised from 7-day-old germinating seedling after removing the apical meristem and the radicle portion. Immature leaf was isolated from 3-week-old plantlets and cut into small pieces each measuring 1×0.5 cm (length × breadth). Both the explants were cultured on MS medium supplemented with 2, 4-D (0.5-2.0 mgl ). The rooted shoots were washed thoroughly in sterile distilled water to remove traces of agar. The plantlets were transferred to small plastic cups (6.0 cm diameter) containing sterilized garden soil and sand in 1:1 ratio. The cups were covered with polythene bags to retain 70-80 % relative humidity and maintained at 25±2°C with 16 h/d photoperiod for 4 weeks in culture room. The plants were then transferred to shade for 3 weeks and eventually to field.
MS medium supplemented with 30 gm/l sucrose and 8 gm/l agar was used as basal medium and the pH was adjusted to 5.8 prior to autoclaving at 1.06 kg/cm 2 and 121°C for 20 min. The culture tubes were incubated at 25± 2°C under 16 h photoperiod with a photosynthetic photon flux density of 60 μmol m −2 s −1 supplied by Philips TL 40 W fluorescent tubes. Each treatment consisted of at least 24 tubes and all experiments were repeated 3 times. Data were subjected to analysis of variance (ANOVA) and comparisons of means were carried out with Duncan's multiple range test at 0.05 % significance.
Results
Induction of callus
Callus regeneration from cotyledonary nodes and leaf explants was evaluated. 2, 4-D was comparatively better than GA 3 when employed individually in the medium (Table 1) . 2, 4-D at 1.5 mgl −1 produced optimum result when added individually in the medium. Here, 69 % and 48 % explants produced callus from cotyledonary node and leaf explants respectively. The addition of 0.5 mgl −1 NAA with 2, 4-D and GA 3 significantly improved the percentage response as well as the rate of callus induction. Optimum response was observed on MS medium supplemented with 1.5 mgl −1 2, 4-D and 0.5 mgl −1 NAA. The frequency of callus induction on this medium was 96 % and 78 % in cotyledonary node and leaf explants respectively (Table 1) . Comparatively, cotyledonary node responded better than leaf explants. The cotyledonary node elongated initially to a length of 1.5-2.0 cm and produced fine, light yellowish friable callus at the basal cut end. The callus growth was profuse and within 3-4 weeks plenty of callus was produced. The cultured leaf developed callus at some areas of cut end with less intensity and later they developed calli all through the surface of the explant. Both calli were friable and physically similar. The calli were maintained on MS medium supplemented with 2, 4-D (1.5 mgl −1 ) and NAA (0.5 mgl −1 ) after 6 weeks. When subcultured, further profuse callus growth was observed.
Shoot regeneration from callus
For regeneration various concentrations of BA (0.5-4.0 mgl ) alone were tried. The percentage of regeneration was however, low. There was no regeneration on control medium. Of the two cytokinins, BA was comparatively better in terms of both percent response and average number of shoots per explant. Optimum response was observed on MS medium supplemented with 3 mgl −1 BA., 43 % and 21 % cultures responded with an average shoot number of 9.3 and 6.7 from the cotyledonary node and leaf derived callus, respectively ( Table 2) . The Kn concentration which produced optimum response was 2 mgl −1
. On this medium 39 % and 26 % cultures responded with an average number of 10.3 and 5.2 shoots per culture in cotyledonary node and leaf derived callus respectively.
The presence of low concentrations of NAA with BA or Kn resulted in further enhancement of the response and formation of more shoots during organogenesis from the callus. Hence for shoot regeneration, the callus from both explants were cultured separately on MS medium fortified with BA (0.5-4.0 mgl −1 ) or Kn (0.5-4.0 mgl −1 ) and NAA (0.5 and 1.0 mgl −1 ). Of the two concentrations of NAA tried along with BA and Kn, 1.0 mgl −1 was optimal. MS medium containing 1.0 mgl −1 NAA and 3.0 mgl −1 BA was the most efficient plant growth regulator for shoot induction. On this medium 97 % and 82 % cultures responded with an average number of 44.9 and 18.8 shoots per explants in cotyledonary node and leaf derived callus, respectively (Table 2 ). In case of average length of shoots there was no significant difference among the various treatments. There was no shoot regeneration on control medium. The callus cultured on MS medium with BA (0.5-4.0 mgl −1 ) or Kn (0.5-4.0 mgl −1 ) alone exhibited initial sign of shoot initiation after 4 weeks of culture. However, the addition of NAA (0.5-1.0 mgl −1 ) resulted in rapid and enhanced regeneration frequency (Fig. 1a-d) . The shoot bud regeneration was initiated within 2 weeks of culture ( Fig. 1a-d ). Vast number of adventitious shoots were produced from the surface of the callus within 2 weeks of culture. Shoots further developed into vigorous plantlets within a span of 4-6 weeks of culture (Fig. 1e, f) . Most of the shoots reached a size of above 1.0 cm height in about 6 weeks of time ( Fig. 2a-b) . However, some shoots remained less than 1.0 cm in height due to the excessive number of shoots (Fig. 2b) . These shoots were excised and subcultured on MS medium supplemented with GA 3 (0.5 mgl −1 ) for shoot elongation. On this medium the shoots reached an average height of 2.8 cm in 4 weeks. BA and 0.5 mgl −1 NAA. After 1 week of culture. Several minute shoot buds originated on the outer surface of the callus. Bar=0.7 cm. b Same as in a after 2 weeks of culture. The intensity of shoot buds on callus surface has increased further. Bar=0.5 cm. c Regenerated shoot after 3 weeks of culture of leaf derived callus on MS medium supplemented with 3.0 mgl −1 BA and 0.5 mgl −1 NAA. The number of shoots was low as compared to the cotyledonary node derived callus. Bar=0.5 cm. d Same as in c but the callus is from cotyledonary node explants. Some shoot buds reached a size of about 0.5 cm in height. Bar=0.7 cm. e The regenerating leaf derived callus on MS medium supplemented with 3.0 mgl −1 BA and 0.5 mgl −1 NAA after 4 weeks of culture. Bar=0.8 cm. f Same as in e but the callus was derived from cotyledonary node explants. Bar=0.8 cm Rooting and field transfer of the shoots Our preliminary experiments with MS medium supplemented with auxins showed that full strength MS was not suitable for rooting since it promoted growth of callus from the cut end of the shoots (Data not shown). Therefore, half MS medium fortified with various concentrations of IBA (1.0-4.0 mgl −1 ) or NAA (1.0-4.0 mgl −1 ) was used. Half strength MS medium without auxins yielded no results. Among the two auxins tested, IBA was comparatively better than NAA. Roots initiated within 2 weeks in IBA containing medium whereas it took 4 weeks in NAA Fig. 2c, d ; Table 3 ). Plantlets with roots were transplanted to plastic cups ( Fig. 2e ) and hardened plants eventually shifted to clay pots. Of the 40 plantlets transplanted to the soil, 29 survived (72.5 %). The in vitro derived plants did not show any visual phenotypic variation from the parental plants.
Discussion
In the present study two explants, viz. cotyledonary node and immature leaf, were used to induce callus. Of the two, the cotyledonary node showed better result (both in terms of percent response and amount of callus) than immature leaf. The superiority of cotyledonary node as an explant in micropropagation has been documented in other plants such as Dalbergia sissoo (Pradhan et al. 1998) . Acacia sinuata (Vengadesan et al. 2002) and Tamarindus indica (Muhammad and Amusa 2003) . The explant dependent callus proliferation and inter-explant variability is a common phenomenon usually observed during the callus induction in some systems (Arockiasamy and Ignacimuthu 1998; Pereira et al. 2000; Dhar and Joshi 2005; Thomas and Maseena 2006) . Regardless of cytokinin type and concentration, the amount of callus produced increased significantly when 0.5 mgl −1 NAA was incorporated in the medium.
Maximum callus was obtained on MS +1.5 mgl −1 2, 4-D and 0.5 mgl −1 NAA. 2, 4-D is a potent auxin which either alone or in combination with a cytokinin induces vigorous callusing in various plant systems (Thomas and Maseena 2006; Janarthanam and Seshadri 2008; Woo et al. 2000; Rani and Nair 2006; Rani et al. 2003; Yuan et al. 2009 ).
In the present study callus regeneration was obtained on MS medium supplemented with BA (0.5-4.0 mgl However, in our study we obtained highest response on MS medium supplemented with 3.0 mg/l BA and 1.0 mg/l NAA. The average number of shoots was 49.9 per explant and this is far better than the previous report. Comparing BA and Kn, the former was more effective than the latter. This is in concordance with the results in other systems like Pterocarpus marsupium (Chand and Singh 2004) , Vitex negundo (Rani and Nair 2006) , etc. Our results indicate that a combination of auxin and cytokinin is essential for getting best response for regeneration in P. viscida. Auxin-cytokinin combination has been widely employed for shoot regeneration in various systems (Baker et al. 1999; Zhao et al. 2001; Li et al. 2010) . In the present study IBA was superior over NAA in rooting. IBA proved to be most effective for induction of roots in legumes as was observed in members like Pterocarpus marsupium (Chand and Singh 2004) , Mucuna pruriens (Faisal et al. 2006) and Clitoria ternatea (Barik et al. 2007 ).
In conclusion, the present study reports an efficient protocol for plant regeneration via callus for an important ethnomedicinal plant. Cotyledonary node was the best explant for callus induction and shoot regeneration. This protocol could be vital for multiplying and field transfer of this plant. In view of its ethnomedicinal potential, there is a need for organized cultivation of this red listed plant for its conservation and sustainable utilization. An efficient system of callus regeneration is a pre-requisite for developing a transformation protocol for a given species.
